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Introduction
A Symposium on Membrane Transport oriented to
the interests of those concerned with the kidney natu-
rally comes to resemble a symposium on renal func-
tion since only a small part of renal function is not
membrane transport. It is interesting then to compare
the present symposium with an earlier symposium on
the kidney (AmJMed36:641, 1964) in which both of
the Guest Editors of the present issue played a part.
Most striking of the changes that have occurred dur-
ing the intervening period are the multiplication and
increasing sophistication of the experimental tech-
niques for the direct examination and the biophysical
dissection of the mechanisms and the driving forces
involved in membrane transport processes in the kid-
ney. It has become increasingly possible to apply
directly to the renal tubule forms of analysis that had
previously been feasible only in simpler preparations.
It is probably worthy of noting that studies based
primarily on clearance methods involving the intact
animal or at least the intact kidney have now yielded
almost completely to more direct methods of study.
The earlier work with clearance procedures has
played an important role in determining the context
of the problems to be solved; the solutions now re-
quire more detailed dissection than such gross meth-
ods can offer.
The Symposium begins with a biophysical ap-
proach, by Dr. Stanley Schultz, to the basic principles
concerned with membrane transport. We would like
to record that this subject was originally to be cov-
ered in a paper to be written by Dr. Schultz's old
friend and former colleague, Peter Curran, whose
tragic and untimely death occurred on October 16,
1974. While Peter Curran's contribution to this sym-
posium is missing, his contributions to its subject
matter are not. Not only do they pervade part of the
paper of Dr. Schultz but Curran's two-membrane
model is the basis for the model of bulk movement in
intercellular channels that is important in current
interpretations of transport in the proximal tubule.
Equally cogent is the experimental development and
validation of ideas, developed in collaboration with
Dr. Schultz, about the co-transport of sodium and
neutral organic compounds.
The second paper, by Dr. Erlij, is concerned with a
definition of some basic transport properties of epi-
63
thelia in vitro. Progress in our knowledge of the
mechanisms underlying transport phenomena in the
renal tubules has been fundamentally influenced by
insights into the mode of transport gained in less
complex tissues such as frog skin, toad bladder and
intestinal mucosa. Dr. Erlij surveys the large body of
material dealing with various aspects of the mecha-
nisms for the transport of strong electrolytes both
through and between the cells of these tissues, further
underscoring the asymmetric behavior of
transporting cells. No doubt, as more sophisticated
techniques become available to define the driving
forces acting on individual ions as they cross the
luminal and peritubular membranes, of the cell, the
knowledge gained on simple epithelia in vitro will
continue to set the direction of similar research ef-
forts on the tubule.
Dr. Boulpaep continues the Symposium with a
thorough and critical survey of electrophysiological
measurements on single nephrons. Impressive prog-
ress has been made in this area. We now have a large
body of data that permit a definition of the
electrochemical potential gradients across individual
membranes of the tubule cell, information crucial to
the assessment of active and passive transport pro-
cesses. We are also beginning to obtain information
on the presence of directly electrogenic (rheogenic)
transport processes in the nephron. Finally, elec-
trophysiological methods have been shown to be
uniquely powerful in defining low-resistance coupling
between tubule cells and such methods also provide
quantitative information dealing with the
permeability of the tubule to specific ions.
The fourth contribution to this symposium, by
Drs. Whittembury and Grantham, deals with the
mechanisms responsible for controlling the electro-
lyte composition of renal tubule cells. It will become
apparent that several individual transport operations
set the ion content and volume of cells. A deeper
insight into the possible mechanisms involved in rees-
tablishing the volume of tubule cells during changes
in external hypotonicity has practical implications for
the survival of renal tissue during transplantation.
The paper by Drs. Windhager and Giebisch applies
biophysical approaches to the analysis of proximal
tubular sodium and fluid transport. This topic has
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remained one of intense research interest during the
last decade. Dr. Ullrich's essay deals with new in-
sights into the coupling of organic solute transport to
sodium reabsorption along the proximal tubule. The
renal tubule shares, with the small intestine, co-trans-
port of sugars and amino acids with sodium ions as
they cross the lumina! membrane of proximal tubule
cells. Another important finding, discussed in both
papers, is the emerging recognition of a marked func-
tional inhomogeneity along the proximal tubule.
Dr. Scriver and his associates have contributed a
provocative paper on genetic transport defects of the
renal tubular epithelium. A large number of trans-
port abnormalities, mainly of organic solutes such as
amino acids and sugars, have become known and it is
now feasible to pinpoint several transport lesions in
terms of specific tubular membrane sites and trans-
port operations. The emerging field of membrane
genetics is still young but the isolation and
characterization of transport mutants has become
increasingly useful in understanding transport mech-
anisms. Hopefully, this approach may yield addi-
tional insights into the genetic control and the mo-
lecular mechanism of transport processes.
Drs. Malnic and Steinmetz survey the large body
of new experimental data dealing with the mode of
acidification. Experiments on turtle bladder epithe-
hum and on the mammalian tubule are summarized
and serve to reexamine the central role of hydrogen
ion secretion in the process of tubular bicarbonate
reabsorption and in the titration of nonbicarbonate
buffers. Further aspects of this contribution deal with
the cellular and tubular sites of acidification, some
new kinetic aspects of hydrogen and bicarbonate ion
transport, and a critical assessment of the carbonic
anhydrase system in the process of acidification.
Dr. Burg and Drs. Hierholzer and Wiederholt
cover the "distal nephron" and bring us up to date on
progress made in our understanding of the multiple
transport processes that determine the composition
of the final urine. Several important developments
deserve special mention, such as the discovery of
active chloride transport in the thick ascending limb
of Henle's loop, a transport system which has been
shown to be uniquely sensitive to diuretics, the begin-
ning unravelling of the cellular mechanism of the
action of adrenocortical steroids and extensive insights
into the cellular mechanism controlling sodium,
potassium and hydrogen ion transport in the distal
tubule and collecting tubule.
The last two papers by Drs. Berliner and Hays
focus on the medullary mechanism of urinary con-
centration and on the mechanism of action of anti-
diuretic hormone. Some controversy has arisen, and
remains unresolved, over the precise mode of solute
concentration in the renal medulla. A careful analysis
is presented both of the known permeability and
transport properties of individual segments of
Henle's loop and of the "pros" and "cons"
concerning the new medullary "mixing" hypothesis.
Dr. Hays concludes with an analysis of the mode of
action of antidiuretic hormone. This problem has
received powerful stimulation from extensive analy-
ses of the individual steps of the action of hormones
in amphibian bladder preparations. Thus, our views
with respect to the "pore widening hypothesis" of
antidiuretic hormone action have undergone revi-
sion. In addition, Dr. Hays describes significant new
insights into the chain of events from hormone re-
lease to the dramatic increase in water permeability
of A DH-sensitive epithelial sites.
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